Summary The ESR spectrum, attributed to the ascorbic acid (ascorbyl) 
Free radical reactions have been accorded variable importance in nervous tissue pathological processes such as oedema (Chan et al., 1984) , ischemia (Bhakoo et al., 1984) , and tumour (Brau et al., 1984) . Problems with indirect techniques, commonly employed in such studies, have been pointed out (Halliwell, 1984) . Information about the potentially most direct approach, electron spin resonance (ESR) of radicals in tissue stems primarily from non-nervous material, usually related to neoplasia (Dodd & Swartz, 1984; Lohmann, 1984) . In practice, however, difficulties are encountered in linking ESR of fresh, frozen, or freeze dried tissue to in vivo radical content (Dodd & Swartz, 1984; Heckly, 1976) . Obviously, the time it takes to prepare fresh samples for ESR spectroscopy precludes the observation of in vivo reactions. In addition, fresh tissue slices seem to be very susceptible to non-physiological oxidation and, in spite of this, to low sensitivity (Dodd & Swartz, 1984) . Frozen slices cannot be excepted from this either. ESR spectra of lyophilisates that have been exposed to air, are said to be primarily due to this exposure (Heckly, 1976) which yields the ascorbyl radical (Cimbolaityte et al., 1982; Neubacher, 1984) . Attempts to exclude air during and after freeze drying in order to prevent artifactual radical formation (Blumenfeld, 1981) are not convincing. The air exposed lyophilisates have, however, allowed intriguing correlations between ESR signal strength and pathological states (Dodd & Swartz, 1984; Lohmann, 1984) (Brau et al., 1984) . As a correlation does not constitute proof, verification of our findings was sought through model experiments using normal and oedematized rat brain, human blood and its components, and aqueous suspensions of silica gel or Sephadex. Simple experiments with lyophilisates and with solutions were devised to determine the air effect in the systems discussed. Exposing tissue to blood, ascorbic acid solution, and thawing Some tissue sections were ground under liquid N2 into small fragments (maximum -3 mm), a process which did not change ESR properties. Human blood or ascorbic acid solutions were added to the frozen material and allowed to thaw at 250C for 15-20min. This caused haemolysis and mixing of components. Control samples were always included in such runs. In one experiment the ascorbic acid was added after the ground tissue was washed (300mg tissue + 4 times 1 ml Krebs-Ringer buffer) almost to whiteness. This took 90min at 25°C before refreezing. The components were chosen to give 0.25, 0.5, 1.0, 2.5, and 5.Ommol ascorbic acid kg-' mixture without the native vitamin.
Materials and methods

Chemicals
Wistar rats The animals were anaesthesized, killed, their brains removed, and placed in liquid N2. Modifications, including microwave heating (no prior freezing), were performed on one hemisphere leaving the other as a control. In some rats an oedema was placed on one brain hemisphere by cold injury (Klatzo et al., 1958 ) -24h before removing the brain.
Exposure of blood, haemolyzed blood, and plasma to ascorbic acid To fresh human blood and plasma were added the relative amounts of buffered ascorbic acid as described for tissue. Haemolyzed blood, prepared by freezing in liquid N2 and thawing at 25'C was treated likewise.
Freeze drying Except for a few trials for which samples were frozen in a refrigerator at -20°C, this step was always initiated with liquid N2.
Method A Except for freezing in N2 this is a method described previously (Lohmann, 1976) . The conditions were 0.1 mbar at 250C. The lyophilisates were usually crushed lightly in air before being placed into ESR tubes. A few samples were ground until they smeared as a check on repeatability.
Method B Frozen, 400mg samples in Eppendorf vials were placed into 100ml round bottomedground joined flasks, connected to the vacuum, and suspended in an ethanol bath which was cooled up to -30°C. The two stage pump (Brand, Wertheim) achieved 10 -3mbar within at least 5min after connecting the flask. Lyophilisates were handled as above.
Surface area of lyophilisates
The surface area of whole and haemolyzed blood, both containing ascorbic acid (1 mmol -1), was determined with the BET method (Brunauer et al., 1938) , using an apparatus built at the Applied Chemistry Department of the UniversitaetsGesamthochschule, Duisburg.
ESR spectroscopy Varian E-3 and E-9 spectrometers were used at 5mW klystron power and a modulation frequency of 100 kHz for both solid and liquid material. Aqueous solutions were determined in Wilmad WG 812 quartz flat cells, while cylindrical quartz tubes (3mm inner diameter) were used for freeze dried samples. All samples were adjusted in the cavity until the signal was maximized. The relative intensities, PP (PP1 for liquids), which are listed in this paper are actually peak to peak heights of the derivative spectra. All PP are corrected to 50mg and 1 cm filling weight and height, respectively.
Ethanol and chloroform added to tissue lyophilisates Ethanol or chloroform were added to freeze dried rat brain in ESR tubes just after the spectrum had been recorded. These solvents did not wet the lyophilisates completely. After recording the remaining spectra the material was washed out of the ESR tubes with water (slightly more than the original water content) and again freeze dried.
Freeze drying porous support suspensions Aqueous ascorbic acid solutions (acidic, or adjusted to pH 7-8 with sodium hydroxide) were added to silica gel or Sephadex in amounts to mimic the biological mixtures. Some silica gel mixtures were subjected to ethanol and chloroform as described.
Apparatus and method precision tests The PP averages and standard deviations of pitch samples were 6.1+0.5 and 1786+89 for 130 determinations over a period of 2 years on the Varian E-3. Blood from one person was placed into Eppendorf vials, frozen in liquid N2, stored at -80°C, and freeze dried (Method A) at various times. The PP average and standard deviation was 17 + 5 for 28 determinations over a period of 5 months.
Monitoring blood oxygen concentration To 1 ml of human whole or haemolyzed blood were added 400 ,l of Krebs-Ringer buffer, or ascorbate in the buffer, such that the vitamin addition yielded a 1 mmol kg -I final mixture. Each of these mixtures was drawn into a 1 ml plastic syringe, care being taken to exclude air bubbles. A portion was immediately squeezed out for measurement in a Corning pH/Blood Gas Analyzer 168. The rest was sealed in the syringe and stored under a nitrogen atmosphere at 25°C in order to determine pO2 at various other times.
Results
The three data columns, T, E, N, (Table I) (Dodd & Swartz, 1984) . Rather, it had become obvious that a strong signal resulted from high blood content.
When haemolyzed human blood was allowed to contact brain tissue the PP increased beyond the sum of the individual substances. An example is given in Figure 1 The surface according to the N2 absorption isotherm was the same for freeze dried whole and haemolyzed blood, both with the same amount of added ascorbic acid at a 1 mmol kg-1 level.
Aqueous ascorbic acid solutions (pH -3) do not yield a measurable liquid phase spectrum, though air exposure of the dried acid on Sephadex yields the spectrum of the solid phase. At physiological pH the respective signals are obtained for both wet and dry versions. The liquid signal of aqueous solutions is generally higher than that of comparable blood. A 1 mmol kg-I ascorbic acid in haemolyzed blood mixture usually had no detectable liquid signal; the enormous signal of the freeze dried version is documented in Figures 2 and  3 . In comparing solid with liquid spectra a twofold difference of material in the ESR cavity has been considered.
That oxygen is also responsible for creating ascorbyl radicals in solution could easily be demonstrated by trials which are represented by Figure 4 . These experiments also show that the controversy about the possible mechanism, equilibrium between ascorbic and dehydroascorbic acids (v. Foerster et al., 1966) or direct oxygen radical production (Kalus & Filby, 1981) , is of no concern here. The radical is clearly not stable for Figure 4 The dependence of the ascorbyl radical concentration in solution, PP1, on air contact. (0) represents the flat cell kept in the ESR spectrometer; while (x) is from the flat cell kept elsewhere. The solution in the upper round part of the cell (exposed to an air bubble) was lowered into the flat part (measuring area) during (.). The lines (----) represent reoxygenation. The differences between the cells simply reflect differences in 02 availability and diffusion rates, which cannot be closely controlled.
hours in aqueous solution as erroneously reported (Sasaki et al., 1982 It should be reemphasized that only Method B did not cause that articifactual mixing of components necessary for a large ESR signal. The intact erythrocyte membrane is, apparently, highly efficient in preventing this contact in the liquid (Sullivan & Stem, 1982) . It is exceedingly interesting to note that once freeze drying has been completed, the grinding step cannot obliterate the component separation caused by the thin erythrocyte membrane. The dependence of the signal on the freeze drying, method has been mentioned before (Baysal et al., 1979) without explanation. It is also known that slow freezing can cause haemolysis and, therefore, a PP increase (Chetverikov, 1964 , radical not identified). Unfortunately, this was not convincing, probably because the treatment of the subject was too parenthetical. That haemoglobin (Ruuge & Blyumenfel'd, 1965) and 'erythrocyte white ghost supernatant ' (Greulich, 1980) can induce very strong signals is, likewise, generally neglected. On the other hand, the triad of ascorbic acid, Fe+ + or Fe+++ species (the latter can catalyze as well as react with the vitamin) and oxygen is well established as an excellent source of ascorbyl radicals (Samuni et al., 1983; Kawakatsu et al., 1984; Kubo et al., 1984) in solution chemistry. In any case, the observed erythrocyte content effect can presently only be linked to haemoglobin and possibly other iron derivatives.
That oxygen is the driving force behind creating the radicals is shown to be generally applicable by this work, in spite of some recent dissensions (Sasaki et al., 1982; Lohmann, 1984) . Water vapour has been shown to be involved (Blumenfeld, 1981, & references therein) , but this must be via polarity influences or changes of mobility, as water is an extremely poor oxidizer. The surface similarity of whole and haemolyzed blood lyophilisates rules out that the surface factor plays a role in the erythrocyte content effect. In other words, lyophilisates of intact or haemolyzed blood are equally permeable to oxygen, so that the tissue breakdown explanation for differing signals in tumours and their analogs (Dodd & Swartz, 1984) may now be regarded as unlikely.
The independence of oxygen consumption and ascorbic acid content in blood is our most weighty argument against automatic correlation between air exposed lyophilisate ESR and in vivo free radicals in tissue. One explanation of differences may inadvertently have been given in an examination of the vitamin C effect on the haemoglobin-methemoglobin equilibrium, where glutathione reacted preferably with oxygen (Sullivan & Stem, 1982) . Now, when ascorbic acid is freeze dried together with glutathione on silica gel the ascorbyl radicals appear on air exposure just as they do in freeze dried blood. The discrepancy must arise due to the lack of sufficient translational movement in solids. In liquids the glutathione can diffuse to and destroy ascorbyl radicals. Clearly, air contact of lyophilisates which contain the vitamin will yield the corresponding radical even when this is prevented in the liquid. Intriguing variations in PP will be obtained according to blood (Method A) or haemolyzed blood (Method B) content, but the observer will be left in absolute doubt about in vivo (or pre-freezing) radical reactions. The measurement of these artifactual radicals simply give the unproven impression that a potentially dangerous constellation (haemoglobin + ascorbic acid + oxygen) did indeed produce pathological radical concentrations.
In conclusion, we see a future use of ESR as a direct in vivo tissue radical monitor only if it can be proven rigorously that freeze dyring can be done without destroying or creating radicals. Should this be accomplished it may be possible to use lyophilisates to expose tissue radicals to spin traps.
